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The anomalous behaviour of the spin-lattice relaxation observed for single crystals of ytterbium chloride hexahydrate 
at fields stronger than 5 kOe is due to the poor heat ransfer in the liquid-helium bath. The thermal conduction effects can 
be explained by means of a thermal conduction model for the relaxation. 
1. Introduction 
In a previous paper [1 ] we calculated the effect of 
thermal conduction in magnetic rystals and the 
surrounding medium on the field dependence of the 
spin-lattice relaxation time observed in dynamic sus- 
ceptibility measurements and derived from the angular 
frequency at which the absorption curve is at a maxi- 
mum. 
We demonstrated that due to bad heat transfer the 
field dependence of the time constant so obtained 
may deviate strongly from that of the intrinsic spin-  
lattice relaxation time rSL. 
At strong magnetic fields the time constant is 
much larger than rSL and even its field derivative 
becomes positive. Furthermore the calculated isper- 
sion and absorption curves then deviate strongly from 
those predicted by the Casimir and Du Pr6 theory. 
Dynamic suscepticility measurements on ytterbium 
chloride hexahydrate (YbCI3 • 6 H20 ) show these 
characteristics for H 2 5 kOe [2] and in ref. 1 we sug- 
gested that this anomalous behaviour is likely to be 
due to bad heat transfer in the liquid helium. The aim 
of this paper is to show that this suggestion is correct. 
We performed two series of dynamic susceptibility 
measurements on the same single crystals of YbC13 • 
6 H20 as were used for the measurements of Soeteman 
et al. [2]. In the first series a crystal was placed in 
direct contact with the liquid.helium bath. In the 
second series the sample was thermally isolated and 
these measurements provide us with the time con- 
stants to be used in the thermal conduction model 
(see ref. 1 and references therein). With this model 
we calculated the effect of the bad heat transfer in 
the liquid helium on the field dependence of the 
relaxation time constant and were able to explain 
the anomalous strong-field behaviour in the first 
series observed. 
2. Measurements and calculations 
The measurements on a single crystal of YbCI3 • 
6 H20 (size 6.0 × 4.1 × 2.0 mm) were performed at 
4.2 K and in fields up to 20 kOe. The field was 
applied parallel to the preferred magnetic axis. The 
results of both series of measurements are presented 
in fig. 1. The time constants of the liquid-helium mea- 
surements (rliq) are qualitatively in agreement with 
those of Soeteman et al. The deviation parameter 
(diiq), which is a measure for the deviations with 
respect o the Debije shape, becomes large at strong 
fields. The measurements on the thermally isolated 
crystal (in fact in helium gas with p < 10 -4 Torr) 
show ideally shaped curves throughout the whole field 
range (dvac ~- 0). The time constants (rvac) are 
shortened by a factor CL/(CH + CL) compared to the 
spin-lattice relaxation time rSL, whereby CL is the 
lattice specific heat and CH the spin specific heat at 
constant field. Because CL/(CH + CL) can be easily 
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Fig. 1. Relaxation time constants and deviation parameters of  
YbCI 3 • 6 H20 at T = 4.2 K versus the applied magnetic field. 
v: rliq, dliq, liquid-helium contact; o: rvac, dvac, thermally 
isolated crystal; e: ¢SL, spin--lattice relaxation time (r SL = 
rvac(CH + CL)/CL) ;  ~: ¢calc, dcaic, calculations for the 
spherical geometry (r 0 = 1.5 mm);  ~x: ¢calc, dcalc, calculations 
for the cylindrical geometry (r 0 = 1.5 mm);  o: ¢calc, dcaic, 
calculations for the platedike geometry (r 0 = 1.0 mm).  For 
H >~ 4 kOe, ¢calc = rliq = ¢SL and dcalc = 0. 
derived from our measurements, TSL can be deter- 
mined. It is seen from the figure that in the strong- 
field range the difference between the values for rSL 
and r]iq becomes large. Using the thermal conduction 
model we calculated the influence of heat transfer 
in the crystal and the liquid-helium bath. The spin 
system is characterized by the specific heat at con- 
stant magnetization: CM = 8.7 J/m 3 K (T = 4.2 K), 
C H - C M = IdoCH2/T 2, with C = 2.46 × 10 -1 K 
(Curie constant). The lattice specific heat was derived 
from the low-frequency final value of the dispersion 
curve for the isolated crystal. It was found that C L = 
1.04 × 103 J/m 3 K at T = 4.2 K, which is in reason- 
able agreement with the lattice specific heat of 
GdC13 • 6 H20 , found as 1115 j /m3K at T = 4.2 K 
[3]. We took the arbitrary value of 100 W/Km for the 
thermal conductivity of the lattice (XL), which can 
usually be expected for aqueous compounds. The 
properties of liquid helium can be found in text 
books. We used Cg = 5.60 × l0 s J/m 3 K and Xg = 
3.02 × 10 -2 W/Km. The thermal contact between 
crystal and bath was assumed to be very good. 
The calculations were performed for three ideal 
configurations representing the shape of the crystal: 
a plate-like configuration with r o = 1.0 mm, a cylindri. 
cal configuration with r 0 = 1.5 mm and a spherical 
configuration with r 0 = 1.5 ram. 
The results of the influence of the thermal conduc- 
tion of the spin- latt ice time constant is presented in 
the figure (7"eaic). It can be seen that the spherical 
approximation gives the best results. The deviation 
parameter is in all three cases omewhat larger than 
the experimental one. 
In the calculations the thermal conductivity of the 
lattice was taken as 100 W/KIn. A reduction of this 
value by a factor 10 does not have any influence on 
the calculated time constants and deviation param- 
eters. Obviously the lattice thermal conductivity is
not critical. We also varied the value of r o in the cal- 
culations. The rapid increase of Tealc in the strong- 
field range takes place at stronger fields when ro 
decreases. Now we can explain why the time con- 
stants of Soeteman et al. increase at strong fields 
whereas in our liquid-helium easurements such an 
increase is not found for fields up to 20 kOe. Only a 
part of their crystal was used for our measurements. 
The value for the effective radius used in the calcula- 
tions is in a reasonable agreement with the crystal 
size. 
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3. Conclusion 
The conclusion from our measurements and cal- 
culations is that the observed anomalous behaviour of 
the relaxation time constant of YbC13 • 6 H20 for 
H >~ 5 kOe when the crystal is placed in liquid helium 
is not due to an intrinsic relaxation process but a 
result of bad heat transfer in the liquid-helium bath. 
The spin-lattice relaxation time constant varies in 
this field range with H -s,  where ot ~-- 2. 
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